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LThis  paper  deals  with  the  analysis  of  hazards  to  sheltered  personnel  In  a 
blast-fire  environment  produced  by  the  detonation  of  a 1-MT  nuclear  weapon  near 

Material  for  the  paper  was  derived  from  a study  by  I IT 


Research  Institute  for  the  Federal  Emergency  Management  Agency  (Reference  1). 

A portion  of  a city  consisting  of  Identical,  single-family  framed  residences 
and  three  types  of  below-grade  personnel  shelters  located  In  selected  areas  was 
formulated  and  subjected  to  a simulated,  single  weapon  nuclear  attack.  Zones 
of  structural  blast  damage  were  Identified  and  debris  distributions  In  selected 
areas  were  determined.  Debris  piles  were  described  In  spatial  coordinates  and 
composition  (combustible,  non-combustible)  at  various  locations  within  the  city. 
Time  dependent  fire  effects  were  determined  using  existing  fire  Ignition  and 
fire  spread  computer  programs.  Hazards  were  quantified  and  the  probability  of 
people  survival  was  estimated  In  terms  of  shelter  effectiveness  when  located  In 
.different  zones  of  blast  damage. 

^•iThe  three  personnel  shelters  included  (1)  a conventional  framed  basement, 

(2)  a conventional  basement  having  a reinforced  concrete  slab  Instead  of  a wood 
floor  overhead ^and  (3)  an  expedient,  pole  type  below-grade  shelter. 

If  sufficient  lead  time  Is  available,  each  of  the  basements  in  th>\first 
two  categories  may  be  expediently  upgraded  to  provide  additional  protectior 
against  the  effects  of  blast  and  fires.  Expedient  upgrading  of  shelter  spac£ 
Includes  all  of  the  following  measures  that  can  be  applied  In  available  time 
using  readily  available  materials  and  equipment. 

• Prevention  of  air  blast  entry 

• Reduction  of  air  blast  loads  on  exterior  surfaces 
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• Structural  strengthening  against  air  blast 
9 Provision  of  radiation  protection 

• Fire  prevention 

• Provision  of  firefighting  equipment 
Expedient  upgrading  measures  are  considered. 


Although  the  emphasis  is  on  hazards  produced  by  a nuclear  weapon  detonation, 
the  results  can  also  be  viewed  in  the  context  of  a large,  conventional  accidental 
explosion. 

DESCRIPTION  OF  SHELTERS 

Basement  Shelters  - Both  basements  are  of  a type  that  may  be  found  in  two-story 
framed,  single-family  residence  except  that  one  has  an  overhead  wood  joist  floor, 
| and  the  other  a light  reinforced  concrete  slab. 

\ Hie  building  type  studied  can  be  considered  to  include  all  single-family, 

| two  story  residences  constructed  with  wood  stud  walls,  wood  joist  floors  and 

j ceilings,  and  wood  rafters  or  wood  truss  framing.  The  framing  system  may  be 

! "balloon",  "platform"  or  any  variation.  Structure,  space  and  wall  openings  are 

considered  to  be  in  general  accord  with  municipal  codes.  Sizes  range  from  1000 
to  2000  square  feet  for  two  to  five  bedrooms.  Exterior  wall  coverings  include 
wood,  composition,  stucco  or  metal  siding  over  insulation  board.  Interior  walls 
are  primarily  wood  stud  with  gypsum  board  or  plaster  covering.  Roofs  include 
different  shapes  and  slopes  with  wood  or  composition  shingles  and  flat  roofs  of 
asphalt  and  felt  built-up  construction  with  gravel  topping.  Where  they  exist, 
basements  are  with  the  first  floor  at  grade  or  several  (1-  to  3-ft)  above  grade. 

Hie  floor  over  the  basement  generally  consists  of  wood  joists  with  flooring, 

j however  in  special  cases  a light  reinforced  concrete  slab  is  used.  Basement 

j foundation  walls  are  of  concrete  block  or  plain  concrete  supported  on  wall  foot- 

ings. The  basement  floor  is  a concrete  slab.  There  are  windows  leading  into 
the  basement. 

A structural  analysis  suggests  the  following  damage/distance  characteriza- 
tion for  the  building. 
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TABLE  1 DAMAGE/DISTANCE ' CHARACTERIZATION  FOR  A TWO-STORY  FRAMED  HOUSE 


Damage 


Severe  (Buildings 
destroyed) 


Moderate  (buildings 
standing  with  maj 
wall/roof  damage) 


Free-Field 
Overpressure*  psi 

3.5 

2.0  to  3.5 


Distance  From  Ground 
Zero*  miles 

0 to  3.6 
3.S  to  5.3 


Light  (broken  windows 
or  none) 


Expedient  Pole  Shelters  - This  type  of  shelter  is  constructed  in  an  open  trench 
using  poles  (logs)  cut  from  local  trees.  Construction  is  reminiscent  of  a log 
cabin.  This  results  in  a long  rectangular  shelter  having  a roof,  walls  and  floor 
consisting  of  poles  covered  with  waterproofing  and  backfilled  with  soil.  Complete 
plans  for  such  shelters  have  been  developed  at  ORNL  (Oak  Ridge  National  Laboratory) 
including  blast  doors  and  expedient  ventilation  systems  (Ref.  2,  3).  A number 
have  been  tested  in  the  field  (Ref.  3). 

Strengths  of  the  two  basement  shelters  both  as  built  and  expediently  upgraded 
are  as  indicated  in  Table  2.  The  estimaved  strength  of  .the  "small"  pole  shelter 
also  is  given. 

TABLE  2 FREE  FIELD  OYERPRESSURES  FOR  INDICATED  FAILURE  PROBABILITIES 


Shelter 


Free  Field  Overpressure,  psi 


Wood  Floor  Over  Basement: 

As  Built 

Expediently  Upgraded 

Reinforced  Concrete  Floor  Over  Basement: 
As  Duilt 

Expediently  Upgraded 
Expedient  Pole  Shelter 


Failure  Probability,  Percent 


2.0 

2.8 

4.0 

3.3 

5.1 

8.3 

3.0 

3.9 

5.0 

6.0 

7.8 

10.0 

30.0 

40.0 

50.0 

10 
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FAILURE  DEFINITION 

Failure,  as  used  in  Table  2*  refers  to  incipient  structural  failure.  This 
mans  that  the  structure  or  element  has  been  loaded  to  the  point  where  it  will 
collapse  without  further  addition  of  load.  This  also  Implies  that  the  struc- 
ture that  has  failed  is  damaged  to  the  point  where  repair  Is  either  Impossible 
or  grossly  uneconomical. 

Since  there  is  no  single  aih  blast  parameter  that  will  serve  as  a unique 
Measure  of  structural  failure,  this  paper  uses  the  free  field  overpressure  as 
the  index  measure.  The  index  free  field  overpressure  is  that  value  which  would 
exist  (in  the  free  field)  at  the  location  of  the  structure. 

WEAPON  EFFECTS 

Weapon  effects  considered  include  the  prompt  effects  of  thermal  radiation 
and  blast  produced  by  a 1MT  nuclear  weapon  detonated  near  the  ground  surface. 
Prompt  nuclear  radiation  is  neglected  and,  therefore,  these  results  are  valid 
for  shelters  having  adequate  (1-  to  2-ft  of  soil)  radiation  shielding  over  its 
periphery.  Thermal  radiation  is  not  an  important  casualty  mechanism  for  people 
in  basements,  but  is  Important  as  the  mechanism  for  primary  ignitions.  The 
effects  of  blast  that  are  considered  Include  loading  of  shelters,  debris  forma- 
tion and  translation,  and  the  suppression  of  some  of  the  initial  ignitions  pro- 
duced by  thermal  radiation.  Corresponding  casualty  mechanisms  Include  primary 
blast.  Impact  and  crushing  of  people  by  debris  from  failed  portions  of  structures, 
and  the  effects  of  fires. 

FIRE  EFFECTS 

Examination  of  fire  effects  on  personnel  shelters  requires  that  each  building 
or  local  area  to  be  studied  must  be  considered  as  part  of  a larger,  or  total, 
city  area  in  order  to  assess  fire  spread  to  the  local  area  from  its  surroundings. 

A hypothetical  city  was  formulated  and  was  considered  to  extend  in  all  directions 
from  ground  zero  beyond  any  fire  or  blast  affected  areas.  It  had  the  following 
characteristics. 

1.  All  buildings  are  two-story  framed  residential  houses 

2.  Overall  city  building  density  is  15  percent 

3.  Local  area  (tract)  building  density  is  either  5 or  15  percent 
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4.  All  tracts  are  1/2-  by  1/2-mile. 

5.  Building  separation  (distribution)  within  tracts  is  a function 
of  building  density  and  building  plan  areas  (based  on  a survey 
of  residential  areas  of  Detroit,  Michigan  (Ref.  4). 

6.  Building  separation  across  tract  boundaries  Is  considered  to 
be  100-ft  for  90  percent  of  tract  perimeter  and  Infinite,  l.e. 
no  fire  brand  crossing  for  the  remaining  ten  percent. 

7.  Trees  and  bushes  are  bare  (the  season  Is  late  fall,  winter  or 
early  spring) 

The  city  was  subjected  to  a simulated  nuclear  weapon  attack  consisting  of 
a single  1-M7  vjeapon  detonated  near  the  ground' surface.  The  post-blast  state 
of  the  city  was  determined  by  performing  a structural  analysis  on  the  character- 
istic building  followed  by  a debris  transport  analysis.  The  structural  analysis 
resulted  In  1)  zones  of  blast  damage  identified  as  severe,  moderate  and  light 
(see  Fig.  1),  and  2)  the  number  of  debris  pieces  produced  by  the  building,  their 
size  and  weight.  The  debris  included  building  fragments  and  furnishings.  The 
time-dependent  debris  trajectory  analysis  produced  a spaclal  distribution  of  de- 
bris which  was  described  in  terms  of  debris  weight,  depth  and  composition  (com- 
bustible, nonconbustible)  as  a function  of  ground  location.  Time  dependent  fire 
effects  were  then  determined  for  the  simulated  city. 

The  Initial  Ignition  pattern  was  determined  using  an  analysis  which  con- 
sidered the  modification  of  primary  sustained  ignitions  by  the  blast  wave  and 
included  predictions  of  secondary  fires.  Fire  spread  throughout  the  city  was 
assessed  for  a 15  percent  building  density  assuming  no  concerted  firefighting 
efforts.  Fire  spread  was  due  to  radiation,  convection  and  fire  brands.  Indi- 
vidual tracts  (local  areas)  were  subsequently  re-evaluated  to  establish  the  Im- 
pact of  fire  prevention  and  firefighting  efforts  on  local  fire  progress  and 
severity.  Each  tract  was  considered  to  be  wholly  of  a single  level  of  blast 
damage  and  was  assigned  the  damage  level  representing  the  majority  of  its  area. 
The  tracts  considered  for  re-evaluation  were  located  as  shown  in  Fig.  1.  Twelve 
combinations  (cases)  of  fire  prevention  and  firefighting  activities  were  con- 
sidered for  each  of  these  tracts  as  Identified  in  Table  3,  and  are  defined  as 
follows: 

A * percent  of  primary  ignitions  prevented  (preattack  measures) 

B * minimum  nunfcer  of  fires  extinguished  per  15  minute  ,*eriod 

C * percent  of  active  fires  extinguished  per  15  minute  period 

D * maximum  number  of  fires  extinguished  per  15  minute  period 
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ignition* , Sever*  cla*t  D«n*g* 


Ignitions.  Negligible  51**t  Dwwg* 


ignitions,  Moderate  5i*st  Dui|i 


Tracts  Selected  For  local  Study 


Figure  1 Northeast  Section  of  Target  Area 

Tract  Designation,  Blast  Damage,  and 
Tracts  Selected  For  Further  Study  On  k local  Basis 


In  “A"  m are  dealing  with  preattack  counte measures  capable  of  preventing  a 
percentage  of  primary  ignitions.  “C*  Is  the  percent  of  active  fires  In  the 
tract  extinguished  in  each  15  minute  period  with  a lower  bound  of  *6"  fires  end 
an  upper  bound  of  “DB  fires. 

Case  1 is  provided  to  show  fire  spread  »*ien  no  fire  prevention  or  fire- 
fighting occurs.  It  serves  as  the  “worst  case"  for  coqiarison.  Cases  II  and 
12  indicate  high  efficiencies  of  fire  prevention  but  no  firefighting.  Cases  2 
to  7 have  no  fire  prevention  efforts,  but  a variety  of  firefighting  efforts. 

Each  represents  a differing  number  of  firefighting  teams*  per  tract  (It  may 
require  more  teams  to  do  the  same  job  In  the  blast  damaged  area).  Setting  s 
minimum  firefighting  effort  for  cases  5 and  6 was  done  to  examine  the  importance,- 
if  any,  of  continued  firefighting  efforts  1r.  periods  of  few  fires.  Case  7 sets 
firefighting  at  a constant  value  of  five  fires  par  15  minute  period. 

Cases  S to  10  Include  beth  fire  prevention  and  firefighting  efforts.  Cases 
9 and  10  indicate  the  effect  of  changing  level  of  firefighting  under  50  percent 
ignition  prevention  (and  can  be  contrasted  to  cases  5 and  6).  Cases  8 and  10 
can  be  combined  with  case  5 to  indicate  the  effects  of  varying  fire  prevention 
levels  supported  by  moderate  firefighting  activities. 

SELECTED  RESULTS  OF  FIRE  DEVELOPMENT 

Examples  of  fire  development  calculations  are  presented  for  tract  (5,  14), 
see  Figure  1.  This  tract  lies  wholly  within  the  area  of  negligible  blast  damage 
and  receives  few  weapon  ignitions.  It  is  examined  for  building  densities  of  5 
and  15  percent,  and  for  all  twelve  firs  prevention/firefighting  situations. 

Results  are  presented  in  Figures  2,  3,  4 and  5.  As  shown  in  Figure  2 
(curve  1),  the  tract  with  15  percent  building  density,  even  with  limited  igni- 
tions, gradually  develops  in  fire  intensity  until,  at  9,56  hours  after  detona- 
tion, almost  20  percent  of  the  total  tract  buildings  (230  out  of  1193  buildings) 
are  simultaneously  burning,  and  the  majority  of  the  tract  has  been  consumed.  In 
the  same  tract  at  5 percent  building  density  (Figure  4,  curve  I),  nominally  a 


* An  Indication  of  firefighting  team's  performance  is  provided  in  Reference  5 
which  describes  firefighting  requirements  to  suppress  all  incipient  fires 
prior  to  major  building  involveasnt. 
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Figure  3 active  fires  in  tract  5,14  (no  blast  damage): 
(building  density  « ,15 
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more  promising  sit«  for  survival*  fire  frequency  Is  still  rising  at  10  hours 
with  about  10  percent  of  the  total  tract  bindings  burning  simultaneously.  While 
this  represents  (10/20)  (5/15)  * 1/6  the  nucber  of  fires  per  block  as  compared 
to  the  higher  density  tract*  it  still  represents  an  unsatisfactory  situation, 
and,  the  continuing  rise  at  10  hours  indicates  that,  again,  most  if  not  all  of 
the  tract  will  eventually  bun  If  no  fi^fighting  action  is  taken.  As  shown  by 
curves  11  and  12  of  figures  2 and  4,  fire  prevention  efforts  alone  only  delay 
the  consequences  of  fire  for  about  1 hour  (compare  curves  11  and  12  with  1 in 
Figures  2 and  4). 

For  the  tract  of  15  percent  buildina  ^nsity,  a minimum  fir  ghting  effort 
of  5 suppressions  every  15  minutes  ir  c c.rc-d  to  affect  permanent  ontrol 
(Figure  3,  curves  6,7,9);  although  moderate  firefighting  (lot)  with  a minimum 
suppression  of  one  fire  every  15  minutes  delays  the  initiation  of  rapid  fire 
development  fo^  about  5 hours  (Figure  3,  curves  5,  8,  and  10),  growing  to  2 
percent  of  buildings  active  burning  at  10  hours;  and  still  growing.  For  the 
low  building  density  tract,  a moderate  fireflght  effort  (10X)  offers  control 
(see  Figure  5)  as  long  as  a minimum  of  one  fire  per  15  minute  period  Is  sup- 
pressed (con^are  Figure  5,  curve  5 with  Figure  4,  curve  4). 

PRS3ASILITY  OF  SURVIVAL 

Basic  Considerations  - The  probability  of  people  survival,  P(S)  in  a shelter 
can  be  expressed  as  follows  (Ref.  6). 

PIS)  - P(Ssc)P(Snr>P(Sfe)P{Sfr)  (1) 

where  P(S  ) - probability  o*  surviving  structural  (shelter) 

•*'  collapse,  i.e.,  debris  effects 

* probability  of  surviving  prompt  nuclear  radiation 
F'(S^fi)  * probability  of  surviving  fire  effects 
P{Sfrr)  * probal-'^lty  of  surviving  fallout  radiation 

P(S$e)  can  be  expressed  as  .ollows: 

P(Sf1T)P(F)  + P(SjF)P(F)  (2) 

where  F(S|7)  “ probability  of  people  survival  given  that  the 
shelter  does  not  fail 

P(F)  * probability  of  shelter  structure  survival 
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P{S|F)  « probability  of  people  survival  qiven  that  the 
shelter  falls  (collapses) 

P(F)  * probability  of  shelter  collapse  = i - P(F) 

As  indicated  previously,  the  basement  shelters  considered  can  be  expediently 
upgraded  to  Increase  the  overpressure  at  which  collapse  occurs  to  at  least  the 
values  given  In  Table  2.  Thus,  fifty  percent  of  framed  basement  shelters  would 
survive,  P(F)  « 0.5,  to  at  least  the  range  of  5.1  psi,  basements  with  reinforced 
concrete  roof  slabs  to  at  least  the  7.8  psi  range,  and  expt^ient  pole  shelters 
to  at  least  the  40  psi  range.  These  values  extend  well  into  the  region  of  major 
blast  damage  as  defined  in  Figure  1.  For  these  types  of  shelters  no  casualties 
are  expected  due  to  debris  effects  prior  to  shelter  collapse  ar.d,  therefore, 
P(SIF)  can  be  set  equal  to  1.0,  and  from  (2),  P(S$C)  * 1.0.  Assuming  that  a 
sufficient  depth  of  soil  cover  has  been  provided  in  each  case,  then  P(Sfr)  * 1.0. 
Fallout  radiation  should  not  be  a serious  problem  for  people  in  shelters  which 
have  adequately  survived  blast  effects,  providing  that  fires  can  be  prevented  or 
mitigated. 

The  Effects  of  Fires  on  People  Survival  - Shelters  in  Local  Areas  of  tight 
and  Hoderate  Damage  - The  results  ef  analysis  conducted  in  the  course  of  this 
study  (Ref.  1)  indicate  that  no  major  differences  in  fire  effects  are  expected 
between  those  shelters  in  regions  of  moderate  damage  and  regions  of  light  damage 
because  most  of  the  fuel  remains  on  the  site,  and  not  much  fuel  is  transported 
in  from  the  region  of  severe  blast  damage*  These  two  regions  are  thus  treated 
together. 

In  both  regions,  fire  prevention/suppression  efforts  are  necessary  to  pre- 
vent a general  burnout  of  the  local  areas  at  both  the  5 percent  and  15  percent 
building  densities.  Without  such  a combined  effort,  buildings  over  and  around 
the  shelter  areas  are  expected  to  bum. 

The  basement  with  the  wood  joist  overhead  floor  will  fill  with  smoke  and 
toxic  gases  once  the  residence  is  ignited.  This  Is  due  to  the  fact  that  the 
first  story  walls  being  hollow  will  conduct  the  gases  between  the  studs,  past 
the  joists,  and  into  the  basement.  This  has  been  demonstrated  by  experiment. 

In  the  lower  (5  percent)  building  density  region,  firefighter  efforts  might 
be  successful  in  protecting  the  structure  over  the  basement  from  burning.  In 
more  densely  built-up  areas  this  would  be  much  more  difficult  to  achieve  unless 
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the  building  housing  the  shelter  was  located  In  * locally  low  density  region 
uniquely  separated  from  surrounding  structures. 

lhe  probability  of  people  survival  in  basements  with  wood  joist  overhead 
floors  would  be  directly  related  to  the  probability  that  the  building  above  tft£ 
basement  does  not  bum.  Without  fire  prevention/suppression  efforts  the  proba- 
bility of  survival  (P(S^),  would  be  very  low  in  which  case  the  shelter  would 
nesd  to  be  evacuated. 

Burnout  of  a standing  building  over  a basement  with  a reinforced  concrete 
overhead  slab  has  been  shown  to  offer  minimal  effects  on  the  beat  environment 
in  the  basement  below  (Stef.  7);  and,  a number  of  simple  countermeasures  have 
been  demonstrated  to  further  minimize  shelter  heating  (Ref.  7,  8).  Fresh 
ventilation  air  is  expected  to  be  readily  available  {Ref.  7,8,9,10).  Thu% 
this  type  cf  shelter  can  be  protected  against  fire  effects  with  limited  fis^e 
prevention/suppression  efforts,  such  as  removal  of  burning  or  smoldering  debris 
from  basement  entranceways  and  fresh  air  intakes.  The  probability  of  people 
survival  in  such  a basement  Is,  therefore,  high  in  regions  of  light  to  moderate 
damage,  and  is  only  weakly  dependent  on  the  probability  that  the  building  above 
the  shelter  does  not  bum. 

Since  residential  structures  are  expected  to  remain  essentially  on  site  in 
these  regions  of  Mast  damage,  shelter  occupants  in  expedient,  pole  type  shelters 
should  find  no  need  for  any  specific  remedial  action  against  fire  effects.  The 
probability  of  people  surviving  fire  effects  in  such  shelters  is,  therefore, 
very  close  to  1.0. 

The  Effects  of  Fires  on  People  Survival  - Shelters  In  Local  Areas  of 


Severe  Damage  - As  shown  in  Figure  1,  severe  damage  is  considered  to  occur  at 
free-field  overpressure  ranges  greater  than  about  3.5  psi.  In  this  region  damaged 
shelters  and  ignited  debris  piles  combine  to  produce  a highly  hazardous  environ- 
ment. The  debris  piles  estimated  for  this  region  are  certainly  not  continuous  nor 
uniformly  distributed.  However,  the  probability  Is  high  that  the  maximum  fuel 
loading  over  the  shelter  may  be  up  to  25  lbs  per  sq  ft  for  5 percent  building 
density  and  up  to  75  lbs  per  sq  ft  for  the  15  percent  building  density.  These 
are  extremely  high  combustible  loads.  It  is  very  doubtful  that  shelter  occupants 
in  basement  shelters  with  wood  floor  overhead  systems  can  remain  within  for  any 
extended  time  period  in  ignited  portions  of  this  region. 
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Based  on  results  of  previous  studies  dealing  with  debris  fires  (Ref.  9,  10}s 
habitability  in  reinforced  concrete  basement  shelters  under  ignited  debris  piles 
having  high  fuel  loads  is  possible  only  when  the  shelter  envelope  is  undamaged 
and  effective  remedial  action  Is  taken.  This  would  Include  removal  of  burning 
debris  from  the  shelter  roof*,  ventilation  openings  and  entranceways  and  putting 
out  fires.  In  the  case  of  a blast  damaged  shelter,  people  probably  would  need 
to  be  evacuated. 


The  expedient,  single  purpose  pole  shelter,  assumed  to  be  earth  covered  and 
under  less  debris,  should  suffer  only  minor  shelter  heating  problems.  However, 
there  may  be  a period  during  whieh  air  quality  Is  a problem,.  This  may  be  miti- 
gated by  means  of  preattack  and/or  post-attack  countermeasures.  The  probability 
of  people  survival  In  this  shelter  in  regions  of  major  blast  damage  should  re- 
main high. 

Assuming  that  the  two  basement  shelters  are  expediently  upgraded,  are 
undamaged  when  subjected  to  the  blast  load,  and  remedial  action  Is  taken  by 
the  shelter  occupants,  then  the  probability  of  people  survival  is  estimated 
as  shown  in  Table  4. 


TABLE  4 PROBABILITY  OF  PEOPLE  SURVIVAL,  P(S) 


Shelter  Type  Region  of  Light  to 

Hoderate  Damage 


Region  of  Severe 
Damage 


1. 

Upgraded  Wood  Framed,  0.5 

< 0.5 

Basement  Shelter 

2. 

Upgraded  Reinforced  Concrete,^  0.9 

> 0.5 

Basement  Shelter 

< 1.0 

3. 

Expedient,  Pole  Shelter  1.0 

< 1.0 

CONCLUSIONS 

The  study  described  has  taken  a first  comprehensive  look  at  the  problem  of 
evaluating  the  hazards  and  the  probability  of  people  survival  in  a blast-fire 
environment  produced  by  the  detonation  of  a 1-HT  nuclear  weapon. 

* A water  layer  on  the  roof  is  the  viable  alternative  (Ref.  7) 
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A computer  algorithm  for  determining  the  makeup  of  debris  piles  produced  by 
the  breakup  of  buildings  when  subjected  to  a blast  load  from  a nuclear  weapon  was 
formulated,  prograasaed  and  used  In  the  study  described. 

Fire  Ignition  mid  fire  spread  was  predicted  using  existing  computer  programs 
(References  4,  12-15)  which  were  modified  to  be  rin'e  to  predict  Ignition  and 
spread  of  fires  In  regions  where  buildings  are  damaged  by  the  blast. 

The  three  personnel  shelters  studied  Include  (1)  a conventional  wood  framed 
basement,  (2)  a conventional  residential  basement  with  a reinforced  concrete 
overhead  slab,  and  (3)  an  expedient  wood  pole-type,  below  grade  shelter. 

The  first  category  shelter  was  found  to  be  only  marginally  effective  even 
in  the  zone  of  light  blast  damage.  Probability  of  people  survival  in  such  a 
shelter  is  strongly  dependent  on  the  probability  of  ignition  and  the  correspond- 
ing fire  suppression  measures.  This  type  of  shelter  is  not  recommended  in  fire- 
prone  areas  without  substantial  countermeasures.  Category  2 shelter  is  quite 
effective  in  zones  of  light  damage  requiring  few  countermeasures.  In  areas  of 
severe  blast  damage,  and  due  to  large  quantities  of  burning  debris,  the  effec- 
tiveness of  this  shelter  is  diminished.  Significant  countermeasures  are  required 
to  maintain  its  effectiveness.  The  expedient,  pole-type  shelter  proves  to  be  the 
most  effective  of  the  three.  This  is  due  to  the  fact  that  this  shelter  can  be 
sited  in  open  areas  away  from  major  debris  sources,  thus  minimizing  the  problem 
of  burning  debris  in  its  immediate  vicinity. 
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